1. Introduction
===============

Lung cancer is a common malignancy worldwide, and a leading cause of cancer-related deaths, especially in developed countries. The incidence is reported to be 47 per 100 thousand people, with a 5-year-survival rate of approximately 15%.^\[[@R1],[@R2]\]^ Studies have revealed the relationship between lung cancer and chronic lung diseases such as bronchitis, emphysema, chronic obstructive pulmonary disease (COPD), tuberculosis (TB), and asthma.^\[[@R2]--[@R5]\]^ Patients with those diseases have an increased risk to develop lung cancer. Spontaneous pneumothorax, a benign disease, is also associated with the aforementioned chronic lung disease, especially among elder people.^\[[@R6]\]^ Many studies have found that pulmonary neoplasms can result in spontaneous pneumothorax.^\[[@R7]--[@R12]\]^ Additionally, spontaneous pneumothorax can be the first sign of lung cancer.^\[[@R13]\]^ However, there have been lacks of studies examining the relative risk of developing lung cancer in patients who experience spontaneous pneumothorax. We hypothesized that patients who experience a spontaneous pneumothorax have a greater risk to develop lung cancer, and designed a study to determine if this association exists.

2. Material and Methods
=======================

The stydy had been approved by Medical Ethics Commette of China Medical University Hospital, Taichung, Taiwan.

2.1. Data source
----------------

The Taiwan National Health Insurance program is a single-payer and universal insurance program implemented in 1996, and covers almost 99% of the population of Taiwan since 1998. The Health Insurance Research Database includes annual registration files and original claim data for reimbursement and managed by the National Health Research Institutes. All personal identification information is encrypted to protect patient privacy before data is released for research. The National Health Research Institutes creates a scrambled, anonymous identification number to connect each individual\'s information, including gender, birth date, and registry of medical services.

In this research, disease history was collected from in-patient files and catastrophic illness registry. Disease was defined by the International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).

2.2. Study population
---------------------

This research was designed a population-based retrospective cohort study. We created a pneumothorax cohort which included newly diagnosed spontaneous pneumothorax and spontaneous tension pneumothorax (ICD-9-CM 512.0 and 512.8) from the years 2000-2009. Every patient had a index date set on half year after the date pneumothorax was diagnosed. If the included patients had got any cancer before the index date, they would be excluded from pneumothorax cohort. The comparison cohort was randomly matched by gender, age and the year of the index date in a 4-fold frequency from the individuals without spontaneous pneumothorax in the Health Insurance Research Database. The research excluded individuals with cancer occurrence before the index date. The event of interest was subsequent lung cancer (ICD-9-CM 162), and data was obtained from the catastrophic illness registry. Follow-up was terminated at the development of lung cancer, withdrawal from insurance, or December 31, 2010. In total, there were 27,405 persons in the pneumothorax cohort and 109,620 in the comparison cohort.

The confounding factors were patient demographic characteristic and lung cancer-associated comorbidities. The associated comorbidities included hypertension (ICD-9-CM 401-405), diabetes mellitus (DM, ICD-9-CM 250), TB (ICD-9-CM 010-018), COPD (ICD-9-CM 496), asthma (ICD-9-CM 493), chronic bronchitis (ICD-9-CM 490-491), and emphysema (ICD-9-CM 492). These were identified from in-patient files for evaluation.

2.3. Statistical analysis
-------------------------

The mean and standard deviation for continuous variable and number and percentage for category variables were presented to describe the distribution of the pneumothorax and comparison cohorts. The t-test for continuous variables, and chi-square test for category variables, were used to test differences of the 2 cohorts. The total lung cancer incidence and demographic-specific, comorbidity-specific incidence of lung cancer for 2 study cohorts by per 10,000 person-years was calculated. The product-limit method was used to estimate the cumulative lung incidence curves for the study cohorts, and the log-rank test was used to assess the difference of these 2 curves. Relative to the comparison cohort, the estimated hazard ratio (HR) and confidence interval (CI) for the pneumothorax cohort were measure by Cox\'s proportional hazards regression model with adjustment for potential confounding factors. The average pneumothorax occurrence was defined as the total pneumothorax occurrence frequency during the follow-up time divided by the follow-up duration (years). The pneumothorax cohort was subclassified into 3 sub-cohorts: low occurrence (≤ 1 time per year), moderate occurrence (1-2 times per year) and high occurrence (\>2 times per year). To measure the relationship between increasing pneumothorax occurrence and risk of developing lung cancer, we estimated the HR for every level of average pneumothorax occurrence, and considered pneumothorax occurrence as a continuous variable to test the trend by Cox\'s proportional hazards regression.

The analyses were performed with SAS 9.3 software (SAS Institute, Cary, NC). The cumulative incidence curve was drawn with *R* software (*R* Foundation for Statistical Computing, Vienna, Austria). The significant level set at less than .05 for 2-sided testing of the *P*-value.

3. Results
==========

The average age (38 years) and gender ratio (84% male) of the 2 cohorts were matched well (Table [1](#T1){ref-type="table"}). The proportions of comorbidities in the pneumothorax cohort were higher than in the comparison cohort.

###### 

Baseline demographic data and comorbidities of the 2 groups.
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In the pneumothorax cohort, the lung cancer incidence was 12.79 per 10,000 person-years (Table [2](#T2){ref-type="table"}), and this was 1.65-fold greater than in the comparison cohort (7.71 per 10,000 person-years). The cumulative incidence curves of developing lung cancer of the 2 cohorts are shown in Figure [1](#F1){ref-type="fig"}. The incidence curve for the pneumothorax cohort was significantly greater than that of the comparison cohort (log-rank test, *P* \< .0001). We performed adjustment for some confounding factors, such as gender, age, hypertension, DM, chronic bronchitis, TB, asthma, COPD, and emphysema. The pneumothorax cohort had a 2.09-fold increased risk of developing lung cancer compared with the comparison cohort (HR = 2.09, 95% CI 1.69-2.58). Except for the lowest age group, pneumothorax was significantly associated with increased lung cancer risk in each age group. In stratified analysis by gender, the increased risk for developing lung cancer could be found in male patients with spontaneous pneumorhorax. (HR = 2.20, 95% CI 1.76-2.74) The comorbidity-specific lung cancer incidence and estimated HRs for the study cohorts are shown in Table [2](#T2){ref-type="table"}. We stratified study cohorts by DM, hypertension, COPD, asthma, chronic bronchitis, emphysema and TB to realize the effect of combined existence of those diseases. The pneumothorax cohort had a 2.29-fold increased lung cancer risk compared with the comparison cohort if those diseases were all absent (HR = 2.29, 95% CI 1.62-3.24). In every stratified of every single disease, there were not a significant different between the spontaneous pneumothorax and comparison cohorts with respect to the development of lung cancer if those diseases were present except hypertension.

###### 

Incidence of subsequent lung cancer and multivariate Cox proportional hazards regression analysis.
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![Cumulative incidence of subsequent lung cancer in the comparison and pneumothorax cohorts.](medi-99-e21411-g003){#F1}

The relationship between frequency of pneumothorax and risk of developing lung cancer is shown in Table [3](#T3){ref-type="table"}. Relative to the comparison cohort, a pneumothorax frequency of ≤ 1 time per year and 1-2 times per year were associated with increased risk of developing lung cancer (HR = 1.51 and 7.76, respectively). More importantly, a frequency of pneumothorax \> 2 times per year was associated with a 34.09-fold increased risk of developing lung cancer (HR = 34.09, 95% CI 22.74-51.10). The result also indicated that the risk of developing lung cancer increased with increasing frequencies of pneumothorax occurrence (*P*-value for trend \< .0001).

###### 

Incidence of lung cancer and multivariate Cox proportional hazards regression analysis HR for the study cohort by average frequencies of pneumothorax.
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In this research, we also utilized sensitivity analysis to assess the risk of developing lung cancer in the study population by follow-up duration (Table [4](#T4){ref-type="table"}). The results suggested that the pneumothorax cohort had a significantly increased risk of developing lung cancer compared with comparison cohort, no matter what the follow-up duration was more than 1, 2 or 3 years.

###### 

Cox proportional hazards model estimated incidence of lung cancer.
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4. Discussion
=============

According to population-based studies from England and Taiwan, the incidence of spontaneous pneumothorax is about 13.9-24 per 100,000 persons, and the condition is more common in males (approximately 3 to 6-fold greater than in females). The age distribution is bimodal, with 1 peak at 15-25 years of age and another peak at more than 65 years of age.^\[[@R14],[@R15]\]^ The recurrence rate is up to 30% to 50%, and is related to gender, age, and smoking status.^\[[@R16],[@R17]\]^

Pulmonary malignancy and chronic lung diseases such as bronchitis, emphysema, TB, asthma, COPD can induce spontaneous pneumothorax, especially among elder persons. In our study, there were more people with chronic lung diseases in the pneumothorax cohort. The distribution of patients with spontaneous pneumothorax was bimodal, with 1 peak at \<35 years of age (60.9%), and another peak was at \> 65 years of age (20.9%). These results are similar to those of prior studies.

In multivariable analysis, patients with spontaneous pneumothorax had a greater relative risk for developing lung cancer. When stratified by age, with the exception of the lowest age group, the pneumothorax cohort had a greater risk of developing lung cancer, especially among patients of 35 to 49 years old. We stratified study cohorts by several possible confounding factors to realize the effect of their combined existence. In our study, there were not a significant different between the spontaneous pneumothorax and comparison cohorts with respect to the development of lung cancer if chronic lung diseases were present. The significant difference can only been found if chronic lung diseases were not present. Although the risk for developing lung cancer increased with age, the highest relative risk was found in the group 35 to 49 years of age. This may be because the relative effect of pneumothorax for the risk of developing lung cancer is decreased in elder patients because the incidence of chronic lung diseases is greater. It can be considered that some factors are at the same time to be related with spontaneous pneumothorax, lung cancer and chronic pulmonary diseases. And those factors may be of dose effect.

Patients with disorders of blood sugar control have a greater relative risk for the development of lung cancer.^\[[@R18]\]^ The growth hormone/insulin like growth factor 1 (IGF-1) axis is considered to contribute to this finding.^\[[@R19]\]^ IGF-1 is secreted by stimulation of growth hormone, and combines with insulin-like growth factor binding protein-3 in the circulation.^\[[@R20]\]^ IGF-1 has been shown to be an autocrine growth factor that participates in lung cancer development in in-vitro experiments of non-small cell lung cancer.^\[[@R21]\]^ At the same time, insulin-like growth factor binding protein-3 can block IGF-1 signaling transduction to increase the apoptosis of cancer cells.^\[[@R22]\]^ DM has been shown to be associated with a high IGF-1 level.^\[[@R23]\]^ In our study, there were not a significant different between the spontaneous pneumothorax and comparison cohorts with respect to the development of lung cancer if DM was present. Just like those chronic pulmonary diseases. Is DM related with developing spontaneous pneumothorax? Are there some factors at the same time to be related with developing spontaneous pneumothorax and DM? It may be worth to further study.

Spontaneous pneumothorax is considered to be a benign disease, and can be recurrent. In order to decrease recurrent rate of pneumothorax, surgical resection of the bullae or blebs, with or without pleurodesis, is usually performed. However, the postoperative recurrent rate ranges from 8% to 16%, and more than 90% of recurrences are observed within 2 years.^\[[@R18],[@R19]\]^ Our results showed that a higher frequency of spontaneous pneumothorax was associated with a greater risk of lung cancer, and the risk was increased more than 30-fold if the frequency of spontaneous pneumothorax was more than 2 times per year. In our study population, the mean time from the first episode of spontaneous pneumothorax to lung cancer diagnosis was 2.8 ± 2.0 years. The relative risk for developing lung cancer should be considered when treating patients with spontaneous pneumothorax in which the frequency is more than 2 times per year.

Many chronic lung diseases are relative to spontaneous pneumothorax. Dose the occurrence of a pneumothorax alter the treatment of the underlying disease? Our data showed the occurrence of a pneumothorax is relative to higher risk of lung cancer among patients older than 35 years old, especially when the frequency is more than 2 times per year. We suggest that the main treatment of the underlying disease in not necessary to change. Is lung cancer screen among those patients valuable? It is an interesting issue. Further study is necessary. Chest CT for lung cancer screen among those patients may be considered.

In addition to chronic lung diseases, behavior and living environment are related to the development of lung cancer and spontaneous pneumothorax. A prospective study published in 1978 revealed a relationship between smoking and lung cancer and a dose effect.^\[[@R20]\]^ The carcinogens in cigarette smoke can induce DNA damage and transform normal cells into cancer cells by chromosome loss at 3q21 and TP53 mutagenesis. The efficacy is also observed in second-hand smoking environments.^\[[@R21],[@R22]\]^ Smoking is also associated with pneumothorax, pulmonary disease, cardiovascular diseases, and DM.^\[[@R23]--[@R25]\]^ Air pollutants such as NO~2~ and O~3~ are also considered risk factors for both lung cancer and spontaneous pneumothorax.^\[[@R26],[@R27]\]^

Spontaneous pneumothorax is considered to be the result of rupture of blebs on the visceral pleura, but the pathogenesis of the blebs is unclear.^\[[@R28]\]^ The possible etiologies include degradation of the elastic fibers of lung parenchyma, flux of neutrophils and macrophages as a result of smoking, and unbalance of the protease-antiprotease and oxidant-antioxidant systems.^\[[@R29]\]^ The use of DNA microarrays to study gene expression in spontaneous pneumothorax revealed a relationship to inflammation, hypoxemia, and apoptosis.^\[[@R30]\]^ In chronic pulmonary diseases such as COPD, the COX-2 level is up-regulated.^\[[@R31],[@R32]\]^ It shows chronic pulmonary diseases are related with inflammation also. At the same time, many studies have revealed that inflammation might be an promoter in lung cancer development.^\[[@R33]\]^ Inflammation seems to be a cofactor in these diseases. In our study, lung cancer risk increased with increasing frequency of spontaneous pneumothorax. It can be considered that the pathogenesis might be chronic inflammation resulting from smoking or some air pollutions of the living environment. A limitation of this study is that data regarding behaviors and living environment were not available in the database. Further study might be necessary to realize the effect of living environment.

5. Conclusion
=============

The results of this study revealed a higher lung cancer risk among patients with spontaneous pneumothorax, especially in the group 35 to 49 years of age. There was a dose effect between frequency of spontaneous pneumothorax and the relative risk of lung cancer. If the frequency of spontaneous pneumothorax was more than 2 times per year, the relative risk of lung cancer was increased more than 30-fold. The average time from the first episode of spontaneous pneumothorax to lung cancer diagnosis was just 2.8 ± 2.0 years. When treating patients who have a frequency of spontaneous pneumothorax of more than 2 times per year, the lung cancer risk should be considered.
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